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Executive Summary 

Measurement of metabolic parameters at rest and exercise is fundamental to the 
research conducted by the members of the Human Performance and Protection 
Sector of DCIEM. These data are normally measured by a metabolic 
measurement system consisting of gas analysers, a flow transducer and 
computer based data acquisition. Currently, there are numerous variations of 
hardware and software in use by the sector. As the operator must become 
familiarized with a variety of systems, the problems of inter-system variability 
and operator error are introduced. Furthermore, the compiled software was not 
malleable or available for verification of the metabolic calculations. As a result of 
these concerns, a new customized metabolic measurement software was 
developed. This software can be easily configured to work with any hardware 
system, is easy to learn, and adaptable to any future requirements. The 
following documentation is intended as a user manual, detailing the operation of 
the DCIEM/HPP Metabolic Measurement Software v 1.0. 
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INTRODUCTION 

The DCIEM/HPP Metabolic Measurement System (MMS) software is a 
MS Windows program designed to run on any IBM-PC compatible computer 
which has at least 4 MB of RAM and a Keithly Metrabyte DAS-8 or 800 series 
A/D board installed. This software was designed to provide a standardized, 
user-friendly and customizable system for metabolic data collection. A further 
advantage is its capabilities of using almost any model of gas analysers and 
ventilation monitors in the DCIEM inventory with little, if any, modifications to 
the software. 

GETTING STARTED 

Starting the program is as simple as double clicking on the MMS icon 
located on the Windows Program Manager (Fig. 1). 

Figure 1. Program manager icon 

Upon launching the program, the first screen that you will be presented 
with is the "Main Menu" (Fig. 2). 
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Figure 2. Main menu 

From this screen, you will be able to navigate through the three primary 
components of this software. The options that you are presented with are as 
follows: 

1) Stress Test Perform an exercise stress test and collect subjects' 
metabolic data 

2) Calibrate Calibrate gas analyzers and flow transducer 

3) View Raw Inputs Displays the current value of all analog channels and 
counters in real time, to verify proper functioning of each 
apparatus. 

MAIN SCREEN OVERVIEW 

In order to ensure accurate and trouble-free data collection, it is 
recommended that the user follow the sequence of verification (View Raw 
Inputs), calibration (Calibrate) and then data collection (Stress Test). Following 
these procedures in the sequence described will greatly enhance the probability 
of a successful test and simplify any troubleshooting efforts which may be 
required. 



VIEW INPUTS 

5                                   View Inputs                                    SB 

Status Result 

Loading 

Acauired Value Channel 

-5.002442 
02 Volts 

0 

-5.002442 
CO 2 Volts 

1 

0 Breath 
Switch 

2 0 = no breath 
5 = breath 

STOP 

0 0 

Figure 3. View inputs screen 

Viewing inputs allows real-time simultaneous monitoring of all analyser 
voltages and flow transducer inputs. It is best used as a troubleshooting aid and 
system check to validate the proper functioning of all devices before each 
metabolic run. 

Once you are satisfied that all gas analysers and the flow transducer are 
correctly connected to the metabolic interface box, which is in turn connected to 
the DAS 800 A/D card in the computer via the 32 pin cable, vary the outputs of 
the gas analysers by drawing an expired breath through them, or push air 
through the ventilation monitor. You should notice the changing voltage and 
pulse outputs being reflected on the "View Inputs" screen (Fig. 3). If any of the 
channels are not being properly updated, check all cables for proper connections. 
If you must disconnect any cables, please exit Windows and turn off the 
computer. The data acquisition card is very sensitive to electrical spikes and is 
easily damaged. Rebooting the computer has the added advantage of resetting 
any hardware or software problems which may have been responsible for invalid 
readings. 



CALIBRATE 

Calibration routines are provided for both the flow transducer and gas 
analysers. 

1. Flow calibration 

Flow calibration requires counting the number of pulses generated by the 
flow transducer for a given volume of air. The volume of the calibration syringe 
is entered on the "Flow Volume" (Fig. 4). 

Flow Volume 

Flow Volume 

Specify the volume of air you wish to calibrate (in Litres) 

Volume (L) 2 

Ok 

Figure 4. Flow volume screen 

This volume of air is introduced through the flow transducer at a known 
rate. This flow rate is normally matched to the ventilation levels measured 
during the actual stress test (resting, walking, maximal exercise). The default 
flow rate for the stress test calibration is 50 L/min. Various rates can be 
calibrated by selecting the flow rate spin buttons (up/down arrows) (Fig 5.). 
This will affect the rate of the animation sequence of the syringe icon. By using a 
calibrated syringe to introduce the flow into the transducer, and following the 
animated icon, the required flow rate can be accurately produced. 

Clicking on "Begin Flow" resets the # of pulses counted to 0, initiates the 
animated icon and begins measuring the pulse output from the flow transducer. 
Once the desired volume of air has been pushed through the flow transducer, 
clicking "Flow Complete" will display the number of pulses that have been 
counted. Depending on the configuration of the KL Engineering flow 
transducers, one should expect in the order of either 100 (normal) or 123 (high 
resolution) pulses per litre of air. 
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Figure 5. Flow calibration screen 

2. Gas Calibration 

Gas Calibration requires the flow of two previously calibrated gases 
through the gas analysers. As each gas is introduced, the user is prompted to 
enter the current 02 and C02 concentrations (Fig. 6). Upon clicking "Calibrate", 
the gas analysers are read by the data acquisition system (Fig. 7), and a 
calibration slope and intercept are calculated. The calibration slope and intercept 
are utilized by the MMS software to convert the voltage outputs from the 02 and 
C02 analysers to known gas concentrations. 

Gas Analyzer Calibration 

Gas2 

a) Flow Calibration Gas Through Analyzers 

b) Enter Calibration Gas %02 and % C02 

%02 15 5SC02 5 

c) Hit 'Calibrate* When Analyzers are Stable 

ifCafibratels 

Figure 6. Gas calibration gases 



Gas Analyzer Calibration 

Gas Analyzer Calibration 

I Gas 2' 

(V) Actual i 

02 Analyzer (Ch1) 2.93895 15 

C02 Analyzer (Ch2) 2.53846 5 

53    X completed 

Figure 7. Gas calibration voltages 

After the second gas is analysed, a summary report is generated which 
displays the data from the calibration (Fig. 8). This information is useful for 
verification of the quality of the calibration. For instance, the Ametek S-3A 
analyzer output range is 0 to 5V for 0 to 25% 02, while the Ametek CD-3A's 
output range is 0 to 5V for 0 to 10% C02. Thus a calibration gas of 15% 02 and 
5% C02 should result in an output of 3V and 2.5V respectively. If the calibration 
summary is suspect, the entire calibration procedure maybe repeated by clicking 
'Recalibrate'. 

Gasl 

Gas 2 

02 

CO 2 

02 

C02 

Gas Calibration Summary 

Summary of Gas Analyzer Calibration 

Actual % 

21 

0 

Volts 

4.1102 

0.0164 

%/Volts 

5.1092 

0 

15 

5 

2.9381 

2.5327 

5.1053 

1.9741 

lofcr Recalibrate 

Figure 8. Gas calibration summary screen 



STRESS TEST 

The stress test portion of the program is designed to be as simple, user- 
friendly, and customizable as possible. Although there are necessary 
anthropometric and environmental data which must be determined before each 
test, these may be saved to a file for recall, and modified as required for 
subsequent tests. 

1. Data Screen 

Upon clicking "Stress Test" from the "Main Menu" screen, you are 
presented with the following form: 

Figure 9. Data screen 

The left information box displays a summary of the current test, while the 
grids to the right display the metabolic data as they are collected. The top grid 
gives a continuous 15 second averaged update of metabolic data, while the 
bottom grid is updated with averages according to 15,30 or 60 second default 
options or a user defined period (in minutes). It is the data appearing in the 
bottom grid which may be stored on disk or printed. This must be specified 
prior to data collection (see Test Setup). The bottom left status window (Ready) 
indicates whether all required test data have been entered before the test is 



allowed to proceed. Fe02 and FeC02 are also continuously updated for 
monitoring purposes during the test. 

Menu bar 

DCIEM - Metabolic Measurement System 
File    Subject Info    Environmental Data    lest Setup    Variables Displayed 

Figure 10. Data screen menu bar 

The menu bar (Fig. 10) contains the subject, environmental and test 
options that you will need to complete before initiating collection of metabolic 
data. These data are best entered by selecting each option from left to right and 
completing the requested data screens. 

2.1.      File 

This menu item allows the retrieval and storage of subject, environmental 
and test setup data. Test data are stored in two files having the syntax 
<filename.DAT> and <filename.MMS>. These files are only created when the 
user wishes to save the metabolic data to a file (see Test Setup). The files with 
the ".DAT" extensions contain all the relevant test parameters, while the files 
with the ".MMS" extensions are tab delimited text files containing the actual 
metabolic data. This data can be retrieved by any spreadsheet or text editor. By 
clicking on "File...Open", the following dialog box appears, prompting the user 
to select previous test parameters. 

Open Previous MMS Test Parameters File 

File Name: 

.dat 

allan.dat 
dragan.dat 
hello.dat 
tabs, dat 

Directories: 

c:\models\metaboli 
OK 

&c:\ 
£5 models 

Cancel 

List Files of Type: Drives: 

Test Parameters [".dat] ö c: driveOYoWO 

Figure 11. Open previous test data (.DAT) dialog box 



If the software detects that the previous test parameters requested the 
data to be saved to a file, a second dialog box will appear, prompting the user to 
enter a filename for the data to be stored. 

5                                    Save Metabolic Data As                                    | 

File Name: Directories: OK 
BTfffB c:\models\metaboli 

Cancel 
&c:\ 
P=> models 

£^ metaboli 

Save File ax Type: Drives: 

MMS files f.mms] ♦ S c: driveOvolOO ± 

Figure 12. Save metabolic data (.MMS) dialog box 

Note: It is not necessary to type in the .MMS or .DAT extensions. They will be 
appended to the filename automatically. 

The file menu options also include "File...Save .DAT File" which allows 
the user to save only the test parameters, without the creation of a .MMS file, and 
a "File...Exit" option which returns the program to the Main Screen. 



2.2.      Subject Information 

Subject Information 

Subjects Name 

Age 

Weight (kg) 

Height (cm) 

Comments 

.Cancel* Ofc 

Figure 13. Subject information screen 

This screen allows the user to input anthropometric and general 
identification information regarding the subject. Note: Age, weight and height 
are required information, and the stress test program will not run without this 
information. 

2.3.      Environmental Data 

Environmental Data 

Please Enter all Information 

Room (Mixing Box) RH (%) 

Barometric Pressure (mmHg) 

Mixing Box Temperature (*C) 

Cancel IDkll 

Figure 14. Environmental data screen 

10 



Environmental parameters are entered on this form. All of this data is 
required to proceed with the test. Please note that since expired ventilation is 
being measured, the relative humidity and temperature inputs should be from 
the mixing box, not the ambient environment. Mixing box relative humidity is 
assumed to be 100% for expired air. For tests conducted at normal room 
temperatures of 20 to 25 °C , a mixing box temperature of 25 °C is used. 
Alternatively, the mixing box temperature may be measured directly with a 
thermistor during pilot studies. 

2.4.      Test Setup 

=H Test Setup                                              f|E3 

Inspired 02 (%) 20.93 

Inspired C02 (%) .0300 

belect Averages to be bayed 

O 15 Sec   O 30 Sec   O 60 Sec        defined 

Print Data at End of Test D Cancel 

Send Output to Hie 13 
op 

1 
Figure 15. Test setup screen 

Various parameters selected on the 'Test Setup" screen allow the user 
greater customization of how the test is performed. 

If gas mixtures other than room air are being used, then the new inspired 
percent 02 and C02 may be entered at this point. Otherwise, the default values 
of 20.93% 02 and .03% C02 will be used for the test. 

Data averaging is determined by choosing either one of the three default 
options (15, 30 or 60 second periods), or as defined by the user (in minutes). This 
option controls the updating of the second larger grid on the stress test display. 

Finally, the last two options allow the user control of the test results 
output. None, one, or both of these output options may be selected. By selecting 
"Send Output to File" all of the stress test data calculated, whether displayed or 
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not, will be sent to an MS Excel-compatible tab-delimited file. You will be 
prompted for a file name and path if this option is selected. 

If a printed report is required, simply click this option and a full report 
will be generated at the end of the test. This report contains only the data 
selected to be displayed. See section 2.5 Variables Displayed for more detail. 
Important: make sure that a printer is properly connected, turned on and 
selected by the Print Manager as the default printer, or you may experience 
problems printing your data. If in doubt, it is always safest to save the file to 
disk. 

2.5.     Variables Displayed 

'S                               Variables Displayed                               HÜ 

Select the Variables You Wish to Display (max 6) 

D Ve (btps)                              D VC02 (ml/kg/min) 

M Ve (stpd)                              E3 RER 

[X] Fe02                                     D Met Rate (Watts) 

M FeC02                                  D V02/Ve 

13 V02 (L/min)                         D VC02/Ve 

M VC02 [L/min)                      □ Freq (breath/min) 

D V02 (ml/kg/min) 

~-' §®' Cancel 

Figure 16. Variables displayed screen 

The "Variables Displayed" screen allows the user to customize the display 
grids to monitor the metabolic variables most relevant to the particular test. A 
maximum of six variables may be selected; however, one can return to this 
screen at any time during the ongoing test and reselect the variables. The grids 
will reflect this change only from the latest reading. 

12 



2.6.      Data Collection 

Figure 17 illustrates the "Data Screen" during a typical test. In this example, the 
current test summary data appears in the left information box, while the 15 second 
updates appear in the upper grid. In this test, metabolic data were calculated as minute 
averages every 30 seconds. These data appear in the lower grid. Note that the data 
appearing on the grids were determined by the "Variables Displayed" screen illustrated by 
figure 16. 

Figure 17 Sample data collection screen during a test. 

If the printed output option is selected, a printout of the test data will be 
produced at the conclusion of data collection (Figure 18). Again, the data printed 
are those selected from the "Variables Displayed" screen (Figure 16). For a more 
comprehensive record of metabolic data variables, save the data to file. 

13 



DCIISC Metabolic Measurement Systea 

Test Date: 07-07-1997 

File Name: 
Subject's Name: Joseph Blow 

Height (cm): 180 
Weight (kg): 77 

Age: 3 5 

Barometric Pressure (niaHg): 7 60 
Mixing Box Temperature (C): 25 

Mixing Box RH (%): 100 

Consents: 

Time Ve Fe02 FeC02 V02        VC02 RER 

(ain) 

00:30 

(stpd) 

15.89 

(L/min) rL/min) 

0.1782 0.0295 .51 47 0.92 

01:00 14.53 0.1736 0.0335 .54 .49 0.91 

01:30 13.64 0.1715 0.0351 .54 48 0.90 

02:00 17.26 0.1676 0.0377 .75 66 0.87 

02:30 14.05 0.1721 0.0363 .54 52 0.96 

03:00 13.64 0.1698 0.0374 .55 .52 0.93 

03:30 16.51 0.1675 0.0384 .72 64 0.89 

04:00 16.26 0.1688 0.0368 .69 .60 0.88 

04:30 15.62 0.1663 0.0390 .70 61 0.88 

05:00 15.92 0.1678 0.0386 .68 .62 0.91 

Figure 18 Sample printed test data 

Validation and Reliability of the System 

3.1.      Validation of the System 

Four males and three females performed five minutes of exercise on a bicycle 
ergometer at each of five increasing workloads. The metabolic system described was 
connected in series with a Tissot gasometer and Ametek oxygen and carbon dioxide 
analysers, the latter being considered the "gold standard" for such measurements. The 
last minute of exercise at each workload was used to collect expired air in the gasometer 
for subsequent analyses of ventilation and expired gas concentrations. Oxygen 
consumption was calculated in accordance with well established equations for open 
circuit spirometry. Figure 19 depicts a scattergram of oxygen consumption for the "cart" 
vs. the "tissot". A Fisher's F-test indicated no significant difference between the two 
systems and the line of identity. Therefore, this new software/hardware system can be 
considered to be valid and accurate. 

14 
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Figure 19. Validation of the System 
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3.2.      Reliability of the System 

Five males performed a maximal oxygen consumption test on a treadmill as a pre- 
requisite for participation in a heat stress experiment. The protocol consisted of running 
at a self-determined speed with an increase in grade of 1% per minute until exhaustion. 
After completion of the heat stress trial, a "post" determination of maximal oxygen 
consumption was performed in exact accordance to the "pre" evaluation. Figure 20 
depicts a scattergram of oxygen consumption for the "pre" vs. the "post" trials at the same 
treadmill speeds and % grade during the incremental test. A Fisher's F-test indicated no 
significant difference between the two days and the line of identity. This new 
software/hardware system can be considered to be reliable and reproducible. 

V02 (L/min) STPD 

5 

4.5- 

4- 

<N     3.5 
l 

S    3 

2.5 

2H 

1.5 

,••«•• 
/» 

day-1 YS day-2 

identity 

2 = y = 0.971 x + 0.091     r^ = 0.904 

1 
 1 1 1 1 1 1 I 

5     2     2.5     3     3.5     4     4.5     5 

DAY-1 

Figure 20. Reliability of the System 
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Appendix A 

Pin Out Tables 
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DAS 8/800 main I/O connector (37 pin) 

Pin number Function Variable Measured 

2 clkO flow 
12 to 18 low level 

common 
ground 

29 +5V +5V to flow 
transducer 

37 analog ch 1 %o2 
36 analog ch 2 %co2 
35 analog ch 3 respiration 

KL Engineering KTC-3D 

Pin Number     Variable 

2 
4 
5 
6 
7 

Power supply ground 
flow (100 PPL) 
flow (123 PPL) 
Respiration (0-5 V) 
Power supply +5V 
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Appendix B 

Hardware Schematics 
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IBM PC Compatible 

Flow Transducer 

Figure 21.Schematic of the Metabolic Measurement System Hardware 
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Appendix C 

Metabolic Calculations 
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Summary of metabolic formulae used in the calculation of metabolic data. 

F1N2 = 1 - (F1CO2 + F1O2) 

FENI = 1 - {FECOI + FEOI) 

VlUTP)    —    VE(ATP)  X 
FENI 

FIN2 

(273.23 + TB)    (PB-PH20U>) 
VE,™ - VEW x (m23 + TA) x (ft _ ^^ 

VEtSTPD)  —   Vl(STPD) X 
F//V2 

FEN2 

VO2 = VW> x (F1O2) - (VE,*™, x FE02) 

VC02 = VE^PD) X (FECO2) - (Ynsmn X F/CO2) 

(l'min1) 

(l^min"1) 

(1-min1) 

(l'min1) 

(l^min'1) 

RQ 
VCO2 

VO2 

Energy = 352 x (.23 x RQ+.ll) x VO2 

SA = .202 x wf425 x /zf725 

7.5x7^ 

/W„ = 4.579 xlOr*+m23x 
RH 
100 

7.5x7« 

PHJ0(« = 4.579 xlO7""273-23 

(W) 

(m2) 

(mmHg) 

(mmHg) 

Where: 

F,N2 = Inspired fraction 
FEN2 = Expired fraction 
Vi = Inspired minute ventilation 
VE = Expired minute ventilation 
STPD = Standard temperature and pressure, dry 
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ATPS = Ambient temperature and pressure, saturated 
PB = Barometric pressure (mmHg) 
RH = Relative humidity (%) 
SA = Body surface area (m2) 
wt = body weight (kg) 
ht = height (m) 
PH20(X> = Water vapour pressure (ambient or body temperature) 
TA = Ambient temperature (°C) 
TB = Body temperature (37°C) 
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configured to work with any hardware system, is easy to learn, and adaptable to any future requirements. The 
following documentation is intended as a user manual, detailing the operation of the DCIEM/HPP Metabolic 

Measurement Software v 1.0. 
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